Mechanical vibrations cause forces that affect human bodies. One of the most common positions for human bodies is the seated position. In this work, mathematical models of the seated human body are investigated and simulated in a Simulink/ MATLAB environment. In addition, segments of the human body are studied and models are developed and built by using Simulink/MATLAB. As part of this work, model analysis and state-space methods are used in order to check and validate the results obtained from the simulations. Two types of forces are used to test the whole seated human body under low frequency citation. The first is a sinusoidal wave signal based on literature, and the second is an impulse function. The effects of mechanical vibration on the head and lumbar are studied as these parts of the human body are usually the most effected areas. Kinematic states of the head segment and lumbar are considered. The characteristics of the vibration response on the two segments are also obtained. In addition to the mechanical vibrations study, this paper is a resource for the development and implementation of models in the Simulink/MATLAB environment.
worse when they expose to vibrations continuously [1] .
Experimental evidence has shown that a human body can be injured by vibrations. It was reported that about 12 million workers in the USA were affected by vibrations [2] . According to that, researchers have been working hard to reduce this dangerous phenomenon, and therefore they have written a lot of studies on how to avoid the effects of the vibration on the human body.
Most seated workers are exposure to vibrations effects; these effects are very harmful and in some cases lead to permanent pains, i.e. back pain. Vehicle drivers are exposed to this type of pain because they are driving their vehicle and interacting with vibration more than other people. In order to study changes on the human body professionally, we should build a model that mimics the dynamics of the human body. For modeling the human body, it can be done by using mathematical equations derived by using one of the modeling methods, and then you can either find the analytical solutions in order to define the frequencies that have effects on the body, or use simulation software in order to build the mechanical structure of the human body and then examine it under different frequencies. In this work, several modeling methods are used to build the mathematical model of the human body in order to study the vertical vibrations on the seated human body. Then the results of these methods are compared to the results obtained from the simulated mechanical system of the human body by using MATLAB/Simulink Software.
Literature Review
The biodynamic study of the human body return back to 1918, when Hamilton define the vibration white finger syndrome as a result of the vibrating hand tools [2] .
Zheng, Qiu and Griffin [3] concluded that health and comfort of seated people became unsafe when the human body is exposure to low-frequency vibrations. The biodynamic responses of the seated human body to vertical vibration excitation have been measured experimentally and some of the results summarized in International Standard 5982 [4] .
There are many factors could affect the response of human bodies to the vibrations and they differ from person to another. The experimental tests in [5] - [8] summarized these factors including body weight, sitting posture, vibration magnitude, age, vibration spectra, feet, holding a steering wheel and shock or impact force applied to the human body.
Nawayseh and Griffin in [9] found that there is a fore-and-aft (cross-axis) response, evident in fore-and-aft forces at the seat and the backrest during vertical excitation in the additional to the vertical response. In [10] , the authors found that backrests could affect the response of the human body to the vibrations.
There are many biodynamic models have been built to mimic the movement of the movement of human body. According to [11] , the models of human body could be classified as lumped-parameter models, multi-body models and finite-element models. The former was the most popular model of the human body [12] [13] . The multi-body models have been based solely on the apparent mass in the direction of excitation [13] .
The objective of this work is to build two models of the human body and then study the effect of the vertical vibration on the head segment and lumbar spine using MATLAB software.
Measurements and Mathematical Models of Seated Human Model

Human Model
The human body is a complex dynamic system which has mechanical properties that change from person to another and from time to time. Many mathematical models have been developed on the basis of diverse field of measurements to describe the biodynamic responses of human beings [14] .
Based on different modeling methods, the human body model can be composed of lumped-parameter models. The lumped-parameter model is simple system consists of concentrated mass connected internally with springs and dampers. These models are simple construction and easier to deal with for analysis, mathematically solved and simulation.
The model used in this work is linear model as shown in Figure 1 . The values of the parameters are specific constant values and are summarized in Table 1 and Table 2 . Figure 1 . The human body model [14] . 
Linear Graph and Bond Graph for Seated-Human Body Model
Linear and bond graphs are one of the modeling techniques used in order to find mathematical equations for mechanical skeleton. The whole system's structure represented in linear and bond graphs are shown in Figure 2 and Figure 3 , respectively. 
Measurements and Mathematical Equations
The proposed seated-human body model consists of 12 degree of freedoms. In order to find the mathematical equations for each segment, free body diagram should be drawn and then Newton's 2 nd law should be applied.
The equations of a general n-degree-of-freedom system are divided into n equations of the following form:
mx Bx kx f + + =   Rewrite the above equation, you will obtain: 
Simulation
There are several methods to solve the n-DOF system; n equations of second order differential equation for each DOF. Solution could be achieved analytically or numerically by using one of the engineering Software. In this work, they will be solved using three techniques:
1) MATLAB/Simulink: 2 simulation models are used in order to validate results 2) Modal Analysis; this method was explained in previous section 3) State space Representation
First Simulation Model of the Mechanical Skeleton of the Human Body
The first simulation model is built to include all the mass segments of the human body together as shown in Figure 4 . 
Second Simulation Model of the Human Body Using Ordinary Differential Equations
The second simulation model of the human body is built by drawing the 2 nd ODE for each mass of the body segments separately using Simulink/MATLAB as shown in Fig On this work we only care about the head and lumber spine segments as they are taking the most damages. In order to find their transfer function, MATLAB's control and estimation manager (CEM) toolbox is used. This is done by using the State Space 
Model Analysis
Equations of motion of a multi-degree-of-freedom system under external forces are given by the following equation: 
Vertical input force;0;0;0;0;0;0;0;0;0;0;0 f = Vertical input force is any input force applied on the system such as sinusoidal wave signal, step-function signal, ramp-function signal, impulse-function signal, etc. All the variables in the above equations are numerically defined and set in Table 1 and Table   2 .
State-Space Representation
The State-Space method is useful for modelling multi-DOF systems. It could be used to represent the entire states of the system at any given time. There are several methods to solve the state-space equations. In this work, the Laplace inverse method has been used in order to get the transition matrix 
2 nd Simulation Model Results
Sinusoidal Wave Input Signal
The acceleration, velocity and position for both of the head and lumber spine segments of the human body with respect to the sinusoidal wave input signal are shown in Fig- ures 32-37, respectively.
Impulse-Function Input Signal
The acceleration, velocity and the position for each of the head and lumber spine seg- 
Conclusion
Two simulation models have been designed to represent the human body subjected to vertical vibration by using mechanical parameters obtained from [15] . Simulink/ MATLAB software has been used to develop and implement the models obtained using the model analysis and state-space methods. The results from these two approaches confirm that the head and lumbar suffer the most from vibration in terms of forces. In addition, it is found that the rest of the organs may become strained leading to pain and fatigue, depending on the magnitude of the vibrations.
